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Introduction {#sec005}
============

Adolescent overweight and obesity is a major public health problem with far-reaching and long-term adverse health outcomes \[[@pone.0235063.ref001]\]. Overweight and obesity are a disorders of positive energy balance commonly caused by the consumption of high-energy foods and sedentary behavior, combined with an inherent susceptibility to weight gain \[[@pone.0235063.ref002]\]. Adolescents with overweight and obesity are prone to be obese in their adulthood and are at higher risk of developing non-communicable diseases including high blood pressure, type 2 diabetes, cardiovascular diseases, sleep apnea, and cholelithiasis \[[@pone.0235063.ref003]--[@pone.0235063.ref005]\].

Body mass index (BMI) Z score is a widely used measure to identify overweight and obesity in school-age children and adolescents (5--19 years) \[[@pone.0235063.ref006]\]. Despite its popularity, BMI Z score is less preferred by minimally trained healthcare workers, and its measuring equipment are relatively expensive and require regular calibration. Moreover, it is time consuming to measure weight, height, and interpret the value with a reference chart \[[@pone.0235063.ref007], [@pone.0235063.ref008]\]. An important approach to promote early identification and surveillance of overweight and obesity among adolescents is developing an easy to use, inexpensive and reliable screening tool for identifying adolescents with overweight and obesity \[[@pone.0235063.ref009]\].

MUAC is a simple and cheap screening tool used to identify moderate and severe acute undernutrition among under-five children (6--59 months of age) in low and middle-income countries \[[@pone.0235063.ref010]\]. MUAC has also been used for numerous years as a screening tool for identifying undernutrition among under-five children and adults in situations, such as famines and refugee crisis, where height and weight measurements are difficult to perform \[[@pone.0235063.ref011]\]. Pregnant women\'s nutritional status, both undernutrition and obesity could reliably be assessed using MUAC in low-resource settings \[[@pone.0235063.ref012]\].

MUAC has the potential to be a practical, low cost, simple, and reliable measuring tool to identify adolescents with overweight and obesity. Few studies have indicated that MUAC is a valid measure to identify overweight and obesity in school-age children (5--9 years) and early adolescents (10--14 years) \[[@pone.0235063.ref008], [@pone.0235063.ref013], [@pone.0235063.ref014]\]. However, little is known about the ability of MUAC to identify overweight and obesity among adolescents aged 15--19 years. The present study aimed to evaluate the performance of MUAC to identify overweight in the late adolescence period (15--19 years) in Ethiopia.

Materials and methods {#sec006}
=====================

Study setting, design, and participants {#sec007}
---------------------------------------

A school-based, cross-sectional study was conducted among high school adolescents aged 15 to 19 years in selected public and private high schools of Addis Ababa. Addis Ababa is the capital city of Ethiopia; with a population of homogeneous racial identity. The city is divided into 10 sub-cites. There are 635,903 adolescents, of this 385,713 are between the age of 15--19 years \[[@pone.0235063.ref015]\]. The city has a total of 219 high schools, of which 73 are public and 146 are private schools.

Adolescents, aged 15--19 years, who were attending classes in the selected private and public high schools (Grade 9--12) of Addis Ababa were eligible to be included in the study. Whereas, adolescents with physical deformity that could affect height and weight measurement were excluded from the study. Besides, those who refused any of the anthropometric measurements were also excluded.

Sample size and sampling procedure {#sec008}
----------------------------------

The sample size was determined by using the diagnostic accuracy test study sample size calculation formula \[[@pone.0235063.ref016]\], assuming a sensitivity of 95.2%, a specificity of 89.9% \[[@pone.0235063.ref008]\], and a prevalence of overweight/obesity, 13.9% among adolescent students in Addis Ababa \[[@pone.0235063.ref017]\], with a 5% margin of error, a design effect of 1.5 and 10% non-respondent rate. Based on these assumptions, the final sample size was 877.

A multistage sampling technique was employed to select adolescents for the study. A total of 15 schools (10 private and 5 public schools) were selected using the lottery method, then the samples were distributed proportionally between public (546 participants) and private schools (327 participants). Four sections from each selected school (one from each grade level) were selected randomly. Finally, we used the students list to randomly select study participants from each section.

Study procedures and measurements {#sec009}
---------------------------------

Anthropometric measurements were performed by trained field workers, using standard techniques \[[@pone.0235063.ref018]\]. MUAC was measured on the non-dominant arm using non-stretchable plastic tape at the midpoint between the olecranon and the acromial process after the arm is flexed to 90 degrees from the elbow. Then, the arm was relaxed, the MUAC tape was placed around the marked midpoint of the arm, neither too loss nor too tight and the measurement was recorded to the nearest 0.1 cm. MUAC was measured twice for each subject and the average was used for analysis. When the difference between the two measurements was \>0.5cm, the measurement was repeated, then the average of the repeated measurements was taken for analysis. To minimize incorporation bias, MUAC measurements were taken before weight and height measurements. Immediately after measuring MUAC, height and weight measurements were performed. The BMI Z score for all participants was calculated after the completion of the data collection, which avoids incorporation bias to the measurements.

To compute BMI Z score, height was measured barefoot with head in the Frankfort position to the nearest 0.1 cm and weight was measured barefoot with light cloth to the nearest 0.1 kg using a digital scale. To ensure measurement accuracy, the scale was checked for zero reading before each participant and calibrated regularly with an iron bar of 5 Kg. Weight and height for each participant were measured twice and the average was used for analysis.

To define overweight (including obesity), we used the World Health Organization BMI Z score reference. BMI Z score \>+1SD is considered as overweight (including obesity) \[[@pone.0235063.ref019]\], BMI Z score is chosen as a reference test since a high BMI Z score can be an indicator of high body fatness. Even though BMI Z score does not measure body fat directly, it is correlated with direct measures of body fat \[[@pone.0235063.ref020], [@pone.0235063.ref021]\]. Furthermore, it is the most commonly used tool and the only available method in resource-limited settings like Ethiopia \[[@pone.0235063.ref006]\].

All anthropometric measurers had participated in a standardization exercise. The anthropometric measurers took repeated measurements of ten adolescents in two teams, one measurer each. Each measurer took two height, weight, and MUAC measurements for ten participants. We then compared the technical error of measurement for weight, height, and MUAC with reference values \[[@pone.0235063.ref022]\]. All the technical errors of measurements were within the acceptable range.

Statistical analysis {#sec010}
--------------------

Data were entered using EpiData version 4.4.2.0 and exported to STATA version 15.1 for further processing and analysis. The data of participants with missing measurements either for MUAC, weight, or height were excluded from the analysis. Descriptive statistics including mean/median, standard deviation (SD), and percentages were applied to summarize the study participants characteristics. Frequency (percentages) was used to estimate the prevalence of overweight and obesity among adolescents. For continuous variables (MUAC, BMI Z score and age), normality was checked using Shapiro-Wilk normality test and visualized using Q-Q plots. We found that the data have a deviation from normality for MUAC, BMI Z score, and age (P-value \<0.05).

Hence, we conducted a Spearman\'s rank correlation with 95% confidence interval to obtain insight into the strength of linear relationship between MUAC, BMI Z score, and age.

We computed the area under the ROC curve (discrimination) and a calibration plot (calibration) to evaluate the accuracy of MUAC to identify overweight/obesity among adolescents. The area under the ROC curve (AUC) determines the overall level of accuracy. An AUC of 0.5 indicating no predictive ability higher than random chance, whereas AUC of 1 indicates perfect diagnostic performance. The categories used to summarize the accuracy of AUC in ROC analysis were as follows: excellent (0.9--1), good (0.8--0.9), fair (0.7--0.8), poor (0.6--0.7) and fail (0.5--0.6) \[[@pone.0235063.ref023]\]. We also constructed a calibration curve of the predicted probability (using MUAC) in the x-axis against the true probability of overweight (BMI) in the y-axis. To examine the accuracy of MUAC between the sexes, we performed a sub-group analysis for males and females separately. The AUCs were adjusted for overfitting or over-optimism using a bootstrapping technique \[[@pone.0235063.ref024]\]. To this end, we draw 1000 random bootstrap samples with replacement from the dataset with complete data for MUAC and BMI Z score. The predictive performance after bootstrapping is considered as the performance that can be expected when MUAC is applied to future similar populations. The optimism coefficient was computed by subtracting the original performance measure from the AUC after bootstrapping (AUC~boot~−AUC~origina~). The optimal cut-off point was determined using the highest Youden index (*J = Sensitivity + Specificity---1*) \[[@pone.0235063.ref025]\].

The discriminatory ability and predictive value of MUAC cut-off points against BMI Z score ≥ +1 SD. MUAC compared to BMI Z score were assessed using sensitivity, specificity, positive predictive value, negative predictive value, positive and negative likelihood ratio with 95% confidence interval. Sensitivity is the proportion of true positive (adolescents classified as overweight/obese by MUAC and BMI Z score) in the total adolescents classified as overweight/ obese by BMI Z score: TP/(TP+FN). Specificity is the proportion of true negative (adolescents classified as non-overweight/non-obese by MUAC and BMI Z score) in the total adolescents classified as non-overweight/non-obese obese by BMI Z score: TN/(TN+FP). Negative predictive value tells us how likely an adolescent is not overweight and obese if categorized by MUAC as non-overweight/non-obese: TN/(TN+FN). Positive predictive value tells us how likely an adolescent is to be overweight and obese if categorized by MUAC as overweight/ obese: TP/(TP+FP). Negative likelihood ratio tells us how an adolescent is not overweight/obesity based on BMI z score is more likely to be categorized as non-overweight/non-obese by MUAC as compared to an adolescent with overweight/obesity based on BMI Z score: (1-sensitivity) / specificity. Positive likelihood ration tells us how much more likely the MUAC categorized overweight/ obesity result is to occur in subjects with overweight/obesity compared to those without overweight and obesity: sensitivity / (1 --specificity).

This study is reported in accordance with the STARD (Standards for Reporting Diagnostic accuracy studies) 2015 statement \[[@pone.0235063.ref026]\], which included a 30-item checklist to give guidance for reporting (Table 1 in [S1 Text](#pone.0235063.s002){ref-type="supplementary-material"}).

Participant consent and ethical approval {#sec011}
----------------------------------------

First, ethical clearance was obtained from the ethical review board of Addis Ababa University. Then a support letter was obtained from Addis Ababa University, School of Public Health, and submitted to Addis Ababa City Education Bureau. Permission was obtained from the education departments of sub-cities and the school principals of selected schools. Written informed consent was obtained from all adolescents aged greater than 18 years, whereas for those aged below 18 parental assent was obtained.

Results {#sec012}
=======

Out of 877 adolescents who were approached,851 has participated in the study. Twenty-six students were not included into the study due to the following reasons: twenty-one were absent on the scheduled days, five of them refused to remove their shoes and heavy clothes for anthropometric measurement ([Fig 1](#pone.0235063.g001){ref-type="fig"}).

![The flow of participants through the study.](pone.0235063.g001){#pone.0235063.g001}

A total of 851 adolescents, 456 males, and 395 females participated in this study. The mean and standard deviation of age, MUAC, and BMI Z score for the total participants were 16.7 (±1.1) years, 25.5 (±3.3) cm, and 0.44 (±1.2) respectively ([Table 1](#pone.0235063.t001){ref-type="table"}).

10.1371/journal.pone.0235063.t001

###### Characteristics of study participants stratified by sex (n = 851).

![](pone.0235063.t001){#pone.0235063.t001g}

  Variables          Males (n = 456)    Females (n = 395)   Total (n = 851)
  ------------------ ------------------ ------------------- ------------------
  Age (years)        16.8 **±** 1.17    16.6 **±**1.0       16.7 **±** 1.1
  Height (cm)        168.7 **±** 6.8    157.0 **±** 6.3     163.3 **±** 8.8
  Weight (Kg)        56.6 **±**10.4     52.8 **±** 10.3     54.9 **±** 10.6
  BMI Z score (SD)   \- 0.8 **±** 1.2   -0.05 **±** 1.1     -0.44 **±** 1.2
  MUAC (cm)          25.3 **±** 3.2     25.7 **±** 3.4      25.45 **±** 3.33

BMI, body mass index; MUAC, mid-upper arm circumference.

Prevalence of overweight and obesity {#sec013}
------------------------------------

The overall prevalence of overweight among high school adolescents in Addis Ababa was 11.2% (95% CI; 9.2--13.5%), whereas the prevalence of obesity was 3.3% (95% CI; 2.3--4.7%) ([Fig 2](#pone.0235063.g002){ref-type="fig"}).

![Nutritional status of high school adolescents in Addis Ababa, Ethiopia, 2019.](pone.0235063.g002){#pone.0235063.g002}

Relationship between MUAC, BMI Z score, and age {#sec014}
-----------------------------------------------

We found that MUAC was strongly correlated with BMI Z score, *r* = 0.81 (95% CI; 0.79--0.84). However, MUAC was poorly correlated with adolescents' age, *r* = 0.15 (95% CI; 0.08--0.21).

The ROC and calibration of MUAC to diagnose overweight among adolescents {#sec015}
------------------------------------------------------------------------

Overall, the area under the ROC (AUC) of MUAC was 0.96 (95% CI; 0.94--0.97). The AUC after bootstrapping was 0.95 (95% CI; 0.94--0.96) with the average optimism of 0.007. The calibration graph shows that despite minimal underestimation at very low risk, the calibration was on average acceptable and the calibration test was not statistically significant (P-value = 0.06) (Figs [3](#pone.0235063.g003){ref-type="fig"} and [4](#pone.0235063.g004){ref-type="fig"}).

![ROC curve showing performance of MUAC to identify overweight / obesity in adolescents (n = 851).](pone.0235063.g003){#pone.0235063.g003}

![Calibration of MUAC for identifying overweight/obesity adolescents (n = 851).](pone.0235063.g004){#pone.0235063.g004}

The AUC for MUAC against our reference method (BMI Z score defined overweight) was excellent for males 0.96 (95% CI; 0.93--0.98) and females 0.96 (95% CI; 0.94--0.98). (Figs [5](#pone.0235063.g005){ref-type="fig"} and [6](#pone.0235063.g006){ref-type="fig"})

![ROC curve showing performance of MUAC to identify overweight/obesity in adolescent males (n = 456).](pone.0235063.g005){#pone.0235063.g005}

![ROC curve showing performance of MUAC to identify overweight/obesity in adolescent females (n = 395).](pone.0235063.g006){#pone.0235063.g006}

Based on the Youden index, the optimal MUAC cut-offs to identify overweight were 27.75 cm for males and 27.9 cm for females. This cutoff point gives high sensitivity and specificity for both males and females (sensitivity 94.1%, 90.3%; specificity 89.1%, 90.7% respectively). Moreover, MUAC can correctly identify the majority of adolescents with or without overweight (89.1% for males and 90.7% for females). (Tables [2](#pone.0235063.t002){ref-type="table"} and [3](#pone.0235063.t003){ref-type="table"}).

10.1371/journal.pone.0235063.t002

###### Screening test result for BMI Z score defined overweight and obesity with MUAC among the adolescents (n = 851).

![](pone.0235063.t002){#pone.0235063.t002g}

  Overweight and obesity according to optimal MUAC cut-offs ^1^   Overweight and obesity according to BMI Z score   Total   
  --------------------------------------------------------------- ------------------------------------------------- ------- -----
  Yes                                                             112                                               71      183
  No                                                              11                                                657     668
  Total                                                           123                                               728     851

^1^Optimal cutoff will be estimated using the Youden index from our data.

10.1371/journal.pone.0235063.t003

###### Area under the receiver operating characteristics curve, sensitivities, specificities, positive predictive values, negative predictive values, positive likelihood ratio, negative likelihood ratio, correctly classified, Youden index, and optimal cut-off values of mid-upper-arm circumference in predicting overweight (n = 851).

![](pone.0235063.t003){#pone.0235063.t003g}

  Sex            Sensitivity (%)   Specificity (%)   PPV (%)        NPV (%)       LR+          LR−    Correctly classified (%)   Youden index   Cut off point (cm)
  -------------- ----------------- ----------------- -------------- ------------- ------------ ------ -------------------------- -------------- --------------------
  Males          94.1              89.1              52.2           99.2          8.7          0.07   89.7                       0.83           ≥ 27.75
  (83.8--98.8)   (85.7--92)        (45--59.3)        (97.6--99.7)   (6.5--11.5)   (0.0--0.2)                                                    
  Females        90.3              90.7              68.4           97.7          9.7          0.11   90.6                       0.81           ≥ 27.90
  (81--96)       (87--93.6)        (60.4--75.4)      (95.4--98.8)   (6.9--13.8)   (0.1--0.2)                                                    
  Total          91.1              90.3              61.7           98.3          9.3          0.10   90.4                       0.81           ≥ 27.95
  (84.6--95.5)   (87.9--92.3)      (56.2--66.9)      (97.1--99)     (7.4--11.7)   (0.1--0.2)                                                    

CI, confidence interval; LR+, positive likelihood ratio; LR-, negative likelihood ratio, NPV, negative predictive value; PPV, positive predictive value.

Discussion {#sec016}
==========

The present study showed that MUAC is an alternative measurement tool to identify overweight (including obesity) in adolescents aged 15--19 years. MUAC was strongly associated with BMI Z score for the total sample, suggesting that it can identify overweight in adolescents as accurate as BMI Z score. The AUC results (i.e., 0.96) showed MUAC has relatively equivalent diagnostic performance compared to BMI Z score in identifying adolescents with overweight/obesity.

This study found that MUAC has a high area under the AUC. Our study is supported by the findings of a recent study conducted among Chinese children aged 7--12 years reported an AUC value range between 0.93 and 0.98 based on selected age and sex (MUAC vs. BMI Z score defined overweight/obesity) \[[@pone.0235063.ref013]\]. Likewise, a study done on Black South African children and adolescents aged 5--14 years showed MUAC has AUC values range between 0.90 and 0.97 as compared to BMI Z score to identify overweight \[[@pone.0235063.ref008]\]. Another study conducted on Indian children and adolescents aged 5--14 years showed MUAC had an AUC value range between 0.92 and 0.98 for identifying overweight \[[@pone.0235063.ref014]\].

Relevant studies that compared percent body fat with MUAC and BMI are scant. A study by Craig E. and his associates evaluated the performance of MUAC in comparison with BMI Z score %body fat measured by bioelectrical impendency, and found that MUAC accuracy was higher for BMI than for %body fatness \[[@pone.0235063.ref008]\]. However, due to lack of studies that compare MUAC and BMI with the reference standard, i.e. %body fat (total body water or multi-component methods), it is still inconclusive whether MUAC or BMI has a better accuracy \[[@pone.0235063.ref008], [@pone.0235063.ref027]--[@pone.0235063.ref030]\].

The present study found that, the optimal MUAC cut-off points to identify adolescent overweight are 27.75 and 27.9 cm for males and females, respectively. In previous studies, the proposed optimal MUAC cut-off to identify overweight/obesity range between 22.2 and 25.5 cm among study participants (age ranged between 7 and 15 years) \[[@pone.0235063.ref008], [@pone.0235063.ref013], [@pone.0235063.ref031]\]. In addition, the proposed cut off points to identify overweight among Turkish adolescents aged 15--17 years old range between 24.9 and 25.7 cm depending on age \[[@pone.0235063.ref029]\]. However, cut-off points determined by our study are higher than those reported by the previous studies. This might be due to an increase in MUAC with age; late adolescents (15--19 years) MUAC is expected to be higher than that of adolescents (10--17 years), this might result a higher cut-off point in late adolescents.

The present study provides evidence that MUAC may also be used as an alternative tool to measure overweight/obesity in late adolescents aged 15--19 years. Color-coded MUAC tape, red for obese, amber for overweight, and green for normal weight may also be considered for non-numerate field workers to facilitate screening \[[@pone.0235063.ref027]\]. MUAC is weakly associated with the age of participants, this indicates adjustments may be necessary for the age of adolescents.

An ideal measure for detecting adolescent overweight and obesity should be reliable, inexpensive and easy to use \[[@pone.0235063.ref013]\]. While, evaluating MUAC as a measure of overweight and obesity has several key advantages: inexpensive, only a measuring tape is required, the measurements can be done easily in communities or schools, the interpretation can be easily understood by adolescents and families.

This study has its own strength and limitations. The strength of the present study is that we used a standardized measurement protocol and rigorous quality control measures to ensure high-quality data. The main limitation of this study is that we did not use the gold standard measures of percentage body fat, due to lack of equipment for the gold standard measures (total body water or multi-component methods) in our setting. BMI Z score is a commonly used method to identify adolescents with overweight and obesity. Although BMI Z score is correlated with percent body fat, it cannot distinguish between lean and fat mass \[[@pone.0235063.ref020]\]. Since we compare MUAC to BMI Z score, MUAC will have similar limitations to BMI Z Score. Moreover, adjustments may also be necessary for age given that the age of adolescents has been found to impact BMI Z score and body fat composition, but due to relatively small sample size, this study could not estimate age and sex specific MUAC cut-offs. Even though obesity is more important than overweight in regard to the risk of metabolic syndrome and adverse health outcomes, we were not able to determine cut-offs specifically for obesity due to the relatively small sample size.

Conclusion {#sec017}
==========

In conclusion, MUAC has relatively equivalent accuracy with BMI Z score to identify overweight /obesity among 15--19 years old adolescents. Hence, MUAC could be used as an alternative tool for surveillance and screening of overweight in adolescents aged 15--19 years in Ethiopia. We recommend future studies to evaluate the accuracy of MUAC compared to the reference standard indicators of adiposity (total body water or multi-component methods), with a nationally representative and adequate sample size for each sex and age group. Determining the age and sex specific cutoff points for obesity is also recommended. We further suggest future studies to compare weather MUAC or BMI Z score is more accurate in comparison with the reference standard techniques of total body fat measures.

Supporting information {#sec018}
======================

###### The minimal dataset of the study.

(DTA)

###### 

Click here for additional data file.

###### Standards for Reporting Diagnostic accuracy studies (STARD) checklist used in this study.

(DOCX)

###### 

Click here for additional data file.

###### Ability of MUAC to classify overweight and obesity among male adolescents, Addis Ababa, 2019 (n = 456).

(DOCX)

###### 

Click here for additional data file.

###### Ability of MUAC to classify overweight and obesity among female adolescents, Addis Ababa, 2019 (n = 395).

(DOCX)

###### 

Click here for additional data file.

###### Sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio, negative likelihood ratio, Youden index and optimal cut-off values of mid-upper-arm circumference in predicting overweight (including obesity) in adolescent males (n = 456).

(DOCX)

###### 

Click here for additional data file.

###### Sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio, negative likelihood ratio, Youden index and optimal cut-off values of mid-upper-arm circumference in predicting overweight (including obesity) in adolescent females (n = 395).

(DOCX)

###### 

Click here for additional data file.

###### Ability of MUAC to classify obesity among adolescent, Addis Ababa, 2019.

(DOCX)

###### 

Click here for additional data file.

###### Sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio, negative likelihood ratio, Youden index, and optimal cut-off values of mid-upper-arm circumference in predicting obesity (including obesity) (n = 851).

(DOCX)

###### 

Click here for additional data file.

We are very much thankful to all study participants for their willingness to participate in the study.

10.1371/journal.pone.0235063.r001

Decision Letter 0

Mota

Joao Felipe

Academic Editor

© 2020 Joao Felipe Mota

2020

Joao Felipe Mota

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

9 Mar 2020

PONE-D-19-36028

Performance of mid-upper arm

circumference as a screening tool for identifying adolescents with overweight and obesity

PLOS ONE

Dear Dr Gebreyesus,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

==============================

It is an interesting paper; however, major considerations reported by reviewers should be addressed. The main issues which I wish to hear from the authors are about the calibration of MUAC against BMI-for age and the possible influence of ethnicity in cutoff points of MUAC.

==============================

We would appreciate receiving your revised manuscript by April 6, 2020. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Joao Felipe Mota

Academic Editor

PLOS ONE

Journal Requirements:

1\. When submitting your revision, we need you to address these additional requirements.

 

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

\* In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially identifying or sensitive patient information) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. Please see <http://www.bmj.com/content/340/bmj.c181.long> for guidelines on how to de-identify and prepare clinical data for publication. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

3\. PLOS requires an ORCID iD for the corresponding author in Editorial Manager on papers submitted after December 6th, 2016. Please ensure that you have an ORCID iD and that it is validated in Editorial Manager. To do this, go to 'Update my Information' (in the upper left-hand corner of the main menu), and click on the Fetch/Validate link next to the ORCID field. This will take you to the ORCID site and allow you to create a new iD or authenticate a pre-existing iD in Editorial Manager. Please see the following video for instructions on linking an ORCID iD to your Editorial Manager account: <https://www.youtube.com/watch?v=_xcclfuvtxQ>

4\. Please amend either the abstract on the online submission form (via Edit Submission) or the abstract in the manuscript so that they are identical.

5\. Thank you for stating the following financial disclosure:

\"The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.\".

a)    Please provide an amended Funding Statement that declares \*all\* the funding or sources of support received during this specific study (whether external or internal to your organization) as detailed online in our guide for authors at <http://journals.plos.org/plosone/s/submit-now>.  

 

b)    Please state what role the funders took in the study.  If any authors received a salary from any of your funders, please state which authors and which funder. If the funders had no role, please state: \"The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.\"

c\) Please include your amended statements within your cover letter; we will change the online submission form on your behalf.

6\. Please upload a copy of Supporting Information (S1 Dataset) which you refer to in your text on page 23.

Additional Editor Comments (if provided):

It is an interesting paper; however, major considerations reported by reviewers should be addressed. The main issues which I wish to hear from the authors are about the calibration of MUAC against BMI-for age and the possible influence of ethnicity in cutoff points of MUAC.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Partly

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: PONE-D-19-36028

The revised manuscript presented an interesting approach. The study was carefully conducted and it is well written. The discussion appropriately addresses the main results observed in the study. The conclusion answers the purpose of the study.

Please find below the minor amendments suggested:

\- The acronym MUAC was used in line 22, then the authors should use it from this first mention (for example in lines 24, 26, 71, \...)

\- Line 38. Please add 95% CI for AUAC.

\- Line 138. It is necessary to offer more details about: If normality test was performed before the Spearman's rank correlation?

\- Line 184. Please add the meaning of the abbreviations BMI and MUAC in the footnote (Table 1).

\- Line 245-251. It is important to discuss the findings by comparing those with studies that evaluated adolescents aged over 15 years. For example: Mazıcıoğlu MM, Hatipoğlu N, Oztürk A, Ciçek B, Ustünbaş HB, Kurtoğlu S. Waist circumference and mid-upper arm circumference in evaluation of obesity in children aged between 6 and 17 years. J Clin Res Pediatr Endocrinol. 2010; 2(4):144--150. doi:10.4274/jcrpe.v2i4.144

\- Line 274 -- The limitations of the present study could be minimized by presenting the results of previous studies. For example, Taylor at al. concluded "Categorisation of BMI according to both age and pubertal stage of development does not produce cutoffs that are superior to BMI cutoffs calculated on the basis of age alone at identifying children with high DXA-measured adiposity".

Taylor, R., Falorni, A., Jones, I. et al. Identifying adolescents with high percentage body fat: a comparison of BMI cutoffs using age and stage of pubertal development compared with BMI cutoffs using age alone. Eur J Clin Nutr. 2003; 57:764--769. <https://doi.org/10.1038/sj.ejcn.1601608>.

Reviewer \#2: The study is well performed, but misses some essential aspects that should be clarified before I can review the article more in detail. This article could be a contribution to public health. For further information see attachement.

Reviewer \#3: This is a generally well presented manuscript which is written very clearly in the main. The design and analyses are well chosen, but I have serious reservations with the premise on which it is based which is that the BMI-for-age cut-off for overweight and obesity is an appropriate definition against which to calibrate an equivalent MUAC cut-off.

The study deals with the important issue of whether or not simpler alternative proxies (to the BMI-for-age) for high body fatness might be valid. The authors have derived a high MUAC cut-off which corresponds to BMI-for -age cut-offs equivalent to overweight and obesity and reached the conclusion that the MUAC is likely to provide acceptable agreement with high BMI-for-age. This is fine statistically as far as I can see, and there is a case that MUAC is likely to be more practical in LMICs. However, the problem is that the BMI-for-age cut-off to define overweight and obesity is actually very poor (as has been shown in a number of systematic reviews) and so calibrating a MUAC cut-off which corresponds to it (and suggesting that this MUAC cut off might then be used) might encourage use of this new MUAC cut-point which is likely to be equally flawed to BMI-for age.

I have a number of specific comments:

Abstract

line 38 characteristic singular

Introduction

line 47 change \'calorie\' to energy (calorie is the unit of measurement not the variable);

line 67 adolescent (no s)

Methods

These are described well and generally sound apart from the flawed premise noted above, and it would be important to explain/justify the rationale for calibrating cut-offs against BMI for age defined overweight and obesity in general and also why calibrate against overweight as opposed to obesity (since obesity is more important, and has been related to comorbidities in a way which overweight has not).

It would have been useful to follow explicitly the guidance on studies of this kind which are available e.g. STARD.

Sampling and power are strong and unusually good for this type of study.

Line 127 delete \'Adolescents with\'.

It would be useful to define/explain concepts and terms such as \'optimism\' here. The other concepts and terms are much better known but it would also be useful to define these briefly in the text: sensitivity; specificity; positive and negative predictive values.

Results

Line 197 should be characteristic singular

Line 198 should be was not is (past tense).

Lines 205-207 notes excellent agreement but clarify that this is at the optimum cut-off point.

Have data been made available ?- I might have missed this.

Discussion

While the authors acknowledge the weakness of not calibrating MUAC against a reference method (gold standard) on lines 269-272 I don\'t think they go nearly far enough here and the implications of their findings are potentially harmful. Since BMI-for age performs poorly as a proxy for obesity (obesity is excessive fatness and BMI for age has only low-moderate sensitivity but high specificity according to multiple systematic reviews) calibrating a MUAC cutpoint which is equivalent to a BMI for age cutpoint would simply replace one poor proxy by another. For that reason I think that this is a fundamental conceptual flaw in this study event though it is otherwise sound methodologically.

I also note that alternative methods of measuring body fatness more directly (DEXA is mentioned in the Discussion) are not reference methods, e.g. see Wells and Fewtrell Arch Dis Child 2006. The only reference or gold standard lab methods are multi-component and the only field reference method is total body water.

Line 245 adolescent singular.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: Yes: H Talma, MD

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Reviewer 1: We have incorporated all suggestions in to my revision. They were very helpful. Thank you

Reviewer 2: we have explained thoroughly about racial identity of Addis Ababa in the response to reviewer word file. That was very helpful. Thank you

Reviewer 3: we have incorporated all suggestions in to my revision. They were very helpful. Thank you
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Dear Dr Gebreyesus,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

==============================

As you can see the reviewers see real merit in your work, but also have concerns that need to be addressed within the manuscript before we can accept for publication. The reviewer \#2 has attached their comments. Please consider an English language edit before to resubmit.

==============================

We would appreciate receiving your revised manuscript by June 5. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Joao Felipe Mota

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

As you can see the reviewers see real merit in your work, but also have concerns that need to be addressed within the manuscript before we can accept for publication. The reviewer \#2 has attached their comments. Please consider an English language edit before to resubmit.

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: (No Response)

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The authors accepted the reviewer's suggestions for improving the manuscript. I highlight the following aspects as the most relevant:

They added more description about the normality test and its result.

Accepted the suggestion of Reviewer 3: sensitivity, specificity, positive and negative predictive values were defined. The description of how computed the optimism coefficient also was add.The main limitation of the study: not calibrating MUAC against a reference method (gold standard) was properly explored in the discussion.

Besides, the manuscript has been revised according to STARD 2015 guideline. The authors have attached STARD 2015 checklist as supplementary file.

Reviewer \#2: The impact of this paper could have been greater when it was age related/specific, one cutoff for the whole range from 15-19 years (sex-specific) is not specific eneough and not comparable with other studies.

Reviewer \#3: The authors have partially addressed the major concern that I had at the previous review stage, that use of BMI Z score as the reference method was limited because that is a poor indicator of excess fatness. The authors now acknowledge this important point in the revised discussion, but the language used in places in the Discussion still tends to ignore this difficulty and in doing so overstates the accuracy of MUAC. In particular Discussion lines 252 and 255 overstate accuracy- accuracy of MUAC cannot be \'excellent\' because it is being judged against a reference method (BMI Z score) which itself is not excellent.In summary, the authors should use more careful, appropriate, language in lines 252 and 256, or should omit these exaggerated claims.

Two minor points should be addressed:

1\. The manuscript is generally well written and clear, but there are a few minor grammatical errors and I think it would benefit from an English language edit;

2\. Line 288- the gold standard is not \'doubly labelled water\' and so this phrase should be replaced with \' total body water or multi-component methods (which measure body density, total body water, and total body mineral\'.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: Yes: Henk Talma

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Dear Dr. Gebreyesus,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Joao Felipe Mota

Academic Editor

PLOS ONE
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Dear Dr. Gebreyesus:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.
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PLOS ONE Editorial Office Staff
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Dr. Joao Felipe Mota

Academic Editor
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